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HANDBOOK FOR AERIAL RADIOLOGICAL
MONITORS

I. INTRODUCTION

1.1 This handbook provides technical and operational guidunce for aerial
radiological surveys. Tt should be reviewed periodically and used as a reference

in cMmergency cxcreises,

Scope

12 Detailed descriptions of aerial survey techniques, operational procedurcs,
and specialized survey equipment appear in sections I, 1V, and V, respectively.
These three sections provide the “essentials.” However, the planning and
exceution of aerial surveys arc complex; and for most effective operatons, an
acrial survey team (pilot and monitor} also nceds to be familiar with (a) the
overall monitoring system, (b} the unique contributions which acrial survey
can provide, and (c) the principles affecting the success of aerial survey
operations.

13 The OCD basic “Handbook for Radiclogical Monitors”™ (FG-F-5.9)
provides a brief description of the overall radiclogical monitoring system and
the functions required of it. The following paragraphs of this section outline
(a) the relationship of acrial survey to rhe monitoring system, (b) the major
contributions to be expected from aerial survey operations, and (¢) equipment
(aircraft) and personnel requirements. Section I discusses organizational re-
quircments and presents technical principles affecting survey operations.

The Monitoring System—~General

1.4 Radiological fallout information obtained by monitoring stations supple-
mented by surface mobile monitoring will, in most areas, give adequate informa-
tion for planning for survival, remedial movement, and rccovery of fxed
facilitics. Aerial radiological survey can be of great value when mionitoring
stations are inoperative or incapable of supplying necessary information, or when
high radiation contamination precludes mobile teams from operating. Acrial
radiological survey allows flexibility for operating from arcas of low contamina-
tion to areas of high exposure rates; and allows for survey from a height of
several hundred feet, with low exposure to the monitoring personnel. This
method of monitering is of particular value in survey of large areas such as
agricultural lands, survey of transportation routes, and early monitoring of areas



surrounding cssential facilies,  Aerial monitoring done in conjunction with
carly aermal damage-assessment nnissions may also be of significant value for

indicating gencral fallout conditions {or use in planning operations.

Aerial Radiological Survey Objectives

153 Aerial radiological survey can supplement surface menitoring by:

a. Providing radiological information in areas where it cannot be cbrained
otherwise, because of destruction of maonitoring stations, failure of communi-
cations, inoperable instruments, or absence of trained monitors to man the
stations.

b. Monitering areas of high radiation intensities where surface mobile monitor-
ing would result in excessive exposure of monitors,

c. Accomplishing carly rapid survey of broad areas and transporration routes
for planning remedial movement of personndd and high-priority transport
of cquipment, supplics, and cmergeney workers.,

d. Accomplishing carly monitoring ar, and in the vicinity of, essential facilities
as a basis for planning carly recovery.

e. Surveying agricultural lands for planning the disposition of livestock, har-
vesting ot crops, and future land utilization.

Equipment and Personnel

Lo Fixed- or rotary-wing hight aireraft capable of Aying at low altitudes and
slow speeds are suited for aeriul survey missions.

L7 The primary duty of the radielogical survey team {normally consisting
ol @ pilot and a monitor) is to provide the most timely and accurate information
leastble under existing comditions) tfor the proper analysis and evaluation of
the radiological hazard. Since members of the acrial survey team are required
to operate under conditions of varying hazards, they must be thoreughly trained
in their functons. Pilots and acrial monitors should be chosen frony among
the best qualificd personnel. In addition to the requirement that acrial monitors
be wamed as regular moniters, all team members should participate 111 opera-
tional (raining exercises in aerial survey techniques.

1.8 The pilot shonld possess a certified pilots rating commensurate with
the nussion assignment, and should be tamiliar with the area in which the team
might be required to fly missions. He must have a clear understanding of the
“Plan dor the Security Contrel of Air Trathe and Air Navigation Aids”
(SCATANA)Y and FAA Advisory Circular No. 00-7, “State and Regional
Defense Awrlitt Planning™ (SARIDA). In addition to the normal aireraft pilot
proficiency requirciients, emphasis should be placed on his ability o maintain
a relatively constant (a) ground speed, (b altitude, and {¢) azimuth {dircction)
while flying at low heights above the terrai.

1.9 The monitor should be able to: (1) foliow the survey Standing Operating
Procedures (SOP} established by the organization to which he is assigned. This
will require an understanding of his function in the plap, the conditions that
require monitoring or survey, how and where to report radiation measurenicnts,
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and how to maintain required records (If no SOP exists, follow the procedures
in Scction [V of this handbook.): (2) know the types, use, and operation of all
OCD radiological instruments and related equipment discussed in “Handbook
for Radiological Monitors,” {FG-E~5.9}; (3) know the types, use, and operation
of the aerial survey equipment; {(4) use the survey techniques discussed in this
handbook; and {5) promptly advise the pilot on appropriate alterations to flight
direction and altitude, when required to assure reliable monitoring information
and personnet safety.

1.10 The team should be familiar with the appropriate measures for indi-
vidual protection, for the protection of aircraft from fallout contamination and
for decontamination of aircrafr. (Ref.: Scctien 111, FG-11-59, and the discussion

on aircralt contamination in Section I1, below.)

Scanned by: SouthernRadiation.com



II. AERIAL MONITORING PRINCIPLES

Emergency Utilization of Aircraft

2.1 Al aircraft which are privately or corporately owned arc potentially
parts of emergency transportation systems, Even for light low-speed aircraft
most suitable for aerial monitoring, there may be multiple emergency funcuions
mcluding (a) general damage assessment reconmaissance, (b) aerial radiologieal
survey, (c) airlift of key personnel, and (d) airlift of lightweight critical
supplics, such as drugs. During cerin phases of attack and defense, there
could be unusual hazard associated with flights in these aircraft, and such ilights
could interfere with defense operations, The States should cxercise general
dircction of aerial survey operarions, becausc they usually would be of broad
extent—likely to extend over the boundaries of several political subdivisions.
Ideally, survey of heavily contaminared areas would be perlormed by survey
teamns based in less contaminated areas.

2.2 Tor the above reasons, pilots and monitors should recognize the necessity
for Statc aerial survey plans carclully coordinated with all agencics concerned.
The development of a plan for zerial radiological survey 1s primarily the responsi-
bility of the State civil defense director, in coordination as required with the
Federal Aviation Agency (General Aviation Districc Office), State Aviation
Administration, State Transportation Agency, and other governmental agencies
as appropriate under State regulations. The plan developed should be in con-
sonance with the SCATANA plan and the FAA SARDA planning circular,
The capabilities of organized flight groups, including the Civil Air Patrol, should
be considered in the development of the plan.

Accuracy of Data

2.3 The intensity {cxposure rate) of gamma radiation is decreased by absorp-

tion of a part of the radiation as it passes through matter. even air. in describing

the radiation situation over a fallout area, stated radiation dose rates apply Lo
locations 3 feet above the surface, unless atherwise specified. Olviously wcasure-
ments made in an aireraft several hundred feet above the terrain will not be
the same as “surface measurements” made at 3 feet above the surface. The
reading taken aloft will have to be multiplicd by a factor which corrects for
the cffects of height above the surface. A “Height Correction Factor™ (11CF)
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chart is supplied as Attachment 1. Tt does not allow for changed absorption in
air at higher altitudes (c.g., over Denver, Colorado), or for changes in radiation
absorption resulting {rom radiation encrgy changes as fallout radivactivity decays.
However, the degree of accuracy is considered adequate for the needs of most
acrial surveys.

2.4 Some radiation is absorbed as it passes through the aircraft structure.
This will vary somewhat with the type of aircraft used and the positioning of
the instrumient in the aireraft. There are no adequate data [rom measuremcents
over broad arcas uniformly contaminated with fallout nor from laboratary
simulation of this cffect. Calculation based on theery and limited experimental
data, indicate that the factor Lo correct for absorprion by light aireraft is typically
about 1.25 if the detector unit of the instrument is placed on the floor of the
passenger compartment. This aircraft abserption factor 15 not included in the
HCF curve (Auachment 1), The lactor for correcting aerial readings to surface
dose rates is obtained by multiplying the theoretical TICT by the aireraft absorp-
tion factor.

Definition of Contamination Pattern

25 A radiation measurcment is made at a known height and over a dcfined
point, but correction for height and shiclding effects does not necessarily give the
“surface”™ exposure rate (3 fect above the strface} at the point ol interest. The
nature of the terrain affects the intensitics at both the surface and higher levdls,
and fallout is deposited irregularly. The radiation measurced by the instrument
in the aircrafl comes from contamination over a large area. However, the
major portion of it comes from a Yimited arca, The contributing arca is greater
for increased height of the aircraft above ground. [ustration 2.5 indicates that
when flying ar a low height—for example 200 fect—the response of the mstru-
ment indicates the degree of contantination of a relatively small arca, When
flying at a greater height—for example 600 feet—the indication 1s representallve
of o much larger area. Consequently, monitoring at a lower height will provide
more detailed information than would be true when monitering from a greater

heigh above the terrain,

ILLUSTRATION 2.5—Aerial monitoring—effects of height. At low heights the instrument "sees”
a relofively small area; and ot grenter heights, « larger area.



Correction Factor Determination—Field

26 In a postatack situation, the RADEF Officer could assign surface moni-
toring personnel to obrain ground dose-rate readings, and an aerial monitoring
teant to obtain, almost simultaneously, dose rates at sclected alticudes ¥ for use
in computing actual height correction factors (HCF). ‘These data would be
used I developing a height-correction curve for the range of heights planned
for the survey mission. The surface sclected for this purpose should be large
and of such narure thar fallout would not be readily moved about by wind or
water, 1t 1s suggested that an open grassy area, at least 400 by 400 feet in sizc,
be: selected. Surface readings {(at 3-foot heights) should be taken at a minimum
of three equally spaced points, cach about 100 feet from the center of the chosen
arca. Alternatively, the pilot could request similar surface dose-rate readings
from an FAA airways station, or from an airport scrving as a base for aerial
radiological survey operation, all of which have fallout monitoring capability.
It is reemphasized that there should be several surface readings at widely
dispersed points over an extensive smooth grassy area. The average of these
readings should be fairly representative of the held affecting the aerial measure-
ments. However, if there is narked variation in the readings (eg., plus or
minus M of the average, or wore), the validity of the data for this purpose
should be quesrioncd, and use of theoretical height correction factors { Auach-
ment i) would be preferable.

2.7 Correction factors determined ar the time of an acrial survey would
vorrect for the effects of height, nonstandard air density due to altitude, shiclding
by the specific airceadt struerure, and variarions in the gamuma radiation spectrum,
Uncerrainties could result from irregular Tallour deposit, inaccuracies of the
arrcraft altinicter, inaccuracies of the fnstruments used for surface survey, and
possible crror in determining the aircraft position relative to the monitored feld.
Close agreement of o instrumcnts in the surface survey should reduce the
probability of crror from instrument inaceuracics.

Optimum Survey Height

2.8 As indicated in paragraph 1.5, aerial survey would be employed chicfly
ta obtatn general radiological information concerning broad areas or extensive
transportation routes. For these purposes it is desirable to have individual meas-
urcments which are representative of fairly large areas, rather than “point”
measurements which might be greatly affected by small-scale irregularities of
fallout deposit, and not representative of the general situation, Survey at heights
above the terrain of 300 to 500 feer will yicld adequate definition, will be rela-
uvely safe, and will resulr in radiation intensities within the aircraft which
arc about 1/5th 1o 1/9th the surface intensities. For extensive survey over very
heavily contaminated areas, greater survey heights may be preseribed to avoid
high radiatien exposures of survey personnel, but this will result in less definition
of the boundarics of high contanunation areas,

PThe RADEF Officer s responsible for caleulatiog the aireraft altitudes which will resulr
in the desired heights alove the ground.
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29 To obtain relatively fine definition of the fallout situatten at and sur-
rounding an important 1solated facility or small area, survey ar a low altitude
{perhaps 200 fect) with measurement ar short intervals will be required. Data
would be adequate for planning accupancy or decontamination, but surface
monitoring would stll be required upon cccupancy to identify any small but
mntense radiation hazard area.

Optimum Survey Speed

2,10 Optimum speed is related to the nature of the survey. Very low specd
is destrable for a detailed small area survey {paragraph 2.9). Speeds up to the
maximum cruising speeds of ght aireraft available for this purpose are suitable
for broad area surveys of a general natere, The somewhat lower speeds of slow
aircraft would be appropriate for a fairly detailed survey of a transportation
route. Where {casible, the characteristic of the aircraft should be maiched wo
the mission requircments,

2,11 The characteristics of the radiation survey instruments are related to
allowable speed. For example, it takes a 1D V=715 instrument up to ¢ seconds
to indicate 95 percent of a suwdden change in the radiaton field. At 150 mph
an atrcraft would travel a little more than one third of a mile during that time
wterval. This lag i instrument response would not be tolerable if great detatl
15 required, One of the characteristics of the special acrial survey eter is imore
rapid response to changes in radiatton rates,

Data Requirements

2.12  The purpose of the survey should dictawe the quantity and nature of
the data gathered. Tt an aerinl radiclogical survey is accomplished in conjunction
with carly damage assesstent of an exploratory nature, and with Inde prefhight
dircction, a running account is required describing locations, point by point,
and associated radiation menitoring: extent of blast and fire damage; and the
extent of fires still burning. These data would be voluminous and difficult to
record in written forin while in fight. The use of a tape recorder would permit
a far more comprehensive record. Where a survey is over a prescribed area
and is to serve a specific purpose, the minimum data requirements should be
detenmined by the authority requiring the data. To avaid conflusion, and to
conserve communications time and the time and effort for provessing data, the
survey team should record the specified data in prescribed format, if feasible,
Additional recorded information should be limited te observation of situations
or happenings likely to have significant value in survival or recovery operations.,

Aircraft Contamination

213 Fwen i oarcas experiencing considerable fallout, it is unlikely that
aireraft in hangars or under covers will be significantdy contaminared. It should
be feasible to ase them for acrial monitoring. As an aireraft s taxied inte

position for takeofl. the wheels may pick up some fallout particles. However,
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expericnce at weapons tests indicates that, in general, the amount of fallout
adhering to tires is small and can be ignored.

214 I the only aircraft avatlable are ones which have been unprotected
during fallout, the extent of contamination might be high enough to interfere
seriously with their use for acrial survey. Where aircraft have been dry during
the deposit of fallout, it can be expected thay even gentle breezes would dislodge
most particles from clean surlaces, and increased air speed in taxiing, takeofl,
and fhight would dislodge remaining loese particles. However, if surfaces were
greasy or wer from rain or dew, a significant ameunt might adhere. The
resultant gamma radiation dose rate in the fuselage is not expected to be high
enough to be dangerous to personnel, but ir could be high enough to interfere
with aerial radiological survey.

2,15 The extent of the aiccraft radiation background can be readily evaluated,
provided necessary ight authorization can be obtained. If an extensive body
of water is available (lake, bay, broad river), perhaps 2 mile or more across, a
measurement o cxcess of 0.01 RAhr at a few hundred feet above the water
and about half a mile from the nearest shore would be almoest entirely due to
aircraft background radiation.  (This assumes measurement after there bas
been time for {allout particles to sink well below the surface). Allernatively, the
aircralt mght be fown o increasingly high altitudes over a given land area
until there was no longer material decrease in the survey meter reading. The
continuing radiatten  reading would be the background duc to  aircraft
contamination,

216 I rhe hackground reading is no greater than the lowest significant
reacding expected in the survey, it can be used as a correction to be subtracted
from cach reading. 1f background levels are too high to permit use of the
aircraft for aerial survey, or il fight restrictions prevent the above cvaluative
procedures, the aircralt might be monitored, and decontamination attervpted.

217 Detection of atreraft contamination is accomplished with a beta-dis-
criminating instrument. Since the range of the beta particles in air would not
exceed abour 1 feet, monitoring {or the source of beta radiation would locate
major areas of contamination responsible {or the gamma radiation hackground.
If a smooth paved area a little larger than the aircrafr were thoroughly washed,
or brushed, interfering bera and gamma radiation would be reduced. Then, if
the aircraft were spotied centrally in the area, beta indications of contamination
could be determined with the CI) V-720 or a modificd CD V-700 with a
high-range wbe, Quick scanning (monitoring} of a given area of the aircraft
surface with the beta shicld dosed to determine the general gamma radiation
levels, followed by moenitoring at a distance of 4 to 6 inches with the beta shield
open should readily delineate contaminated areas. Murked increase of the beta
plus gamma reading, over the initial gamima measurement, indicates surface
contatninalion.

2.18 For outer surfaces of the aircraft, lushing with water, scrubbing greasy
arcas with soap or detergent and water, or wiping greasy areas with a cloth

dampened with an organic solvent such as kerosene could be expected to ma-
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terially reduce the contamination. If significant amounts of fallout have pene-
trated inside enginc housings or other openings, decontamination procedures
are more difficult, and simple procedures may be less effective. If available,
steam-cieaning might reduce the contamination. The effectiveness of such
procedures could be cvaluated as outlined in paragraph 2.15.

2.19 Contamiration of the aircraft with airborne fallout could occur while a
survey mission is being performed. Low concentrations of air-borne fallout are
difficult to detect but over a period of time in Aight may be “collected” in signifi-
cant amounts—chiefly in air ducts, engine cooling systems, and on engine
surfaces. This slow buildup of contamination is difficult to detect or remove.
While in flight it can be suspected i there is less variation in readings with
change of height than would be expected; that is, when the altitude of the
terrain varies abruptly or when there is relatively rapid change in altitude of
the aircraft. A gradual increase of the dose rate would also be reason to
suspect this.

2,20 If contamination with airborne fallout is suspected, evaluation of any
resultant background might be accomplished as indicated in paragraph 2.15,
If significant contamination is indicated, the advice of the responsible Radef
officer should be requested when communications capability will permit. The
degree of contamination might warrant discontinuing the mission. Howcever,
if the buildup has not been rapid, and if the aircraft background does not
significantly exceed the lowest expected readings frem fallout on the terrain,
the survey might be continued. A record of centaminaton cvaluation and
results is an cssential addition to the survey record.



1iI. SURVEY TECHNIQUES

3.1 For several purposes, radiological daia which would otherwise be unch-
winable or require prohibitive amounts of time and radiation exposures to
monitors can be obtained through aerial survey. (8See par. 1.5.) The nature
of the data needed 1o satisly the scveral (ypes of requirements varies. In turn,
several types of aerial survey or combinations of survey technigues are available,
cach having particular advantages or disadvantages for sccomplishing a given
purpose under various circumstances. For cotivenicncee, acrial survey is discussed
under the subheadings (a) Course leg Technique. (b} Route Technrique, and
{c) Point Technique. Visual Flight Rules (VFR) are followed in the execution
of all these eehniques. The application of these techniques 10 survey missions
of varied nature is described in Secrion TV, Survey Operations. Basic clements
of the techniques are outlined below.

Course Leg Technique

32 This technique is applicable to systematic survey of large areas. Radia-
ton exposure rates are measured at prescribed intervals aleng a straight line
between two selected points. These “legs” are uwsually laid out in a zigzag
pattern,

3.3 In preparation for a “Course lLeg Technique” mission, a number of
readily identifiable checkpeints are selected in the area of concern and designated
by sequence lettering. The points are connected by lines which are referred
to as course legs. The topography of the terrain is examined and the altitude(s)
prescribed for flying the entire pattern, or cach course leg. In some instances,
change in altitude may be specified for even a portion of a coursc leg. The
prescribed altitudes are selected to reflect requirements for clearance of natural
terrain and manmade objects, and to satisfy the data requirements of the survey.

3.4 The application of this technique is illustrated in paragraphs 4.23 and
424, Types of maps suitable for acrial survey, and their availability, ace
discussed in Section V.

Route Technique

35 The route technique is generally similar to that for a single leg of the
course leg technique. IHowever, there 1s an increased need for specifying inter-
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mediate checkpoints because ground speed s likely to be more variable as
direction is changed in following the route. There may be more frequent
requirements for change in altitude ar specified checkpoints during the survey
of the route. The application of this technique is shown n lllustrations 4.24
and 4.26.

3.6 In the route technique, a course is flown bherween rwo points along a
distinct terrain feature such as a highway, railroad, or powerline, taking dose
rate readings at equal intervals, or over specific landmarks, The pilot must
fly the route at the designated aldtudes, maintaining the most practicable con-
stant ground speed as the monitor records the dose rate at prescribed intervals.
Maintaining a constant ground speed is not required if readings are taken over
landmarks only.

3.7 There may be a specificd requivement for messuring the radiation
exposure dose with a dosimeter while in flight over the route, These data could
be used in making a rough estimate of expected radiation exposurcs while
traversing the route in surface vehicles. However, this dosc-estimating method
is scarcely practicable except when ground speed and herght above terram can
be maintained at fairly constant valoes.

3.8 Dithculty may be experienced in maintaining a relatively constant ground
speed while moniloring a transportation route under windy or wrbulent air
conditions, and when significant changes in direction are necessary o follow
the route. Unfavorable conditions of this nature may require that dose rate be
recorded only at designated points rather than at prescribed intervals.

Point Technique

39 In the point technique survey, prescribed point locations in the area of
concern are selected, using a monitoring sequence numbering system. These
points are usually promincent landmarks or manmade structures easily identified
frem the air and somewhat evenly dispersed throughout the area to be surveyed.
This type survey is appropriate only when good landmarks exist, and for some-
what smaller and more densely populated arcas than these for which the course
leg technique would he more appropriate. Employment of the point technique
can provide fairly detailed radiological information concerning peints and small
subareas of interest, and also delineate the general radiological sitvation of the
area, The entire survey may be conducted at a specified constant altitude above
sea levely or altitudes may be specificd for each paint, which will result in all
radiation measurements being made from approximately the same height above
the terrain. Application of this technique is shown in [llustration 4.21.

Exploratory Survey

3.10 In this general or exploratory type survey, sometimes called a “hasty™
survey, a combination of the above techniques would be used. The most likely
area of employment would be near ground zero in the early postattack period,
when (a) radiation dose rates might be high and conld vary greatly over shon
distances, (b) blast damage might be cxtensive, obliterating many landmarks,
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and (c) fire damage might be great and smoke {rom continuing fires could
obscure many landmarks. For such areas, so little might be known that detailed
planning of the survey by higher authority would be unrealistic. However,
a survey team might be given instructions as to the area for which information
was needed and the narure of the data required. The survey team would
necessarily have major responsibility for deciding the techniques to be used to
acquire these data. Since the conditions encountered might require the applica-
tion of a number of wechnigues chesen to fit the particular need, the monitoring
team would be expected to use its best judgment in obtaining the most pertinent
data. It is evident that a greater degree of skill and understanding of rudiological
fallout operations is required for this type of mission. The moniter and pilot
should understand and be able to apply the basic principles ontlined in Section IT.

Scanned by: SouthernRadiation.com
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IV. SURVEY OPERATIONS

Maps
4.1 Maps appropriate to the mission are essential to the most eifectuve survey

operations. See Seetion V, Equipment,

Protective Measures

4.2 Although major responsibilities for planning and direcung acrial survey
rest at State tevel (par. 223, the members of the survey wam and ground
suppart personnel are direetly responsible for knowing and observing radio-
Jogrical protective measures, Section {11 of the basic Handbook for Radiological
Monitors, FG-E-5.9, provides guidance for surface operations, These are also
directly applicable during preparations for an aerial nussion.

4.3 Tor the performance of an actial survey, a maximum permissible nission
dose wil] be indicated by the responsible Radel officer. The dosimeters provided
are to be worn and checked frequently during Bight over fallout arcas to assure
thar the radiation exposure dase up w the e, plus prebable exposure lor
completioni of the survey, will not exceed the allowable dose. Alse a CD V715
or CN V=711 is to be carried for measurenent of dose rates excceding the range
of the acrial survey instrument. The dose rate indicared by the acnial survey
instrument, or by the CI V=715 or CIY V=710, can be uselnl i estimating po-
tential additional exposure. The dose rate { R/hr) vmies the estimated remaining
mission duration (hours) would provide an estimate of the additional exposure
il the dose rate remained unchanged. "This rough estimate would indicate
whether the higher intensity might reasonably be olerated for the duration of
the survey, or evasive action should be employed.

44 I neeessary, the potential radiation exposure of the survey wam can b
reduced by increasing the altitude, For cxample, reference to the Height Corree.
tion Factor chart { Atachment 1) indicates an atreealttossurface (3 fect above)
dose-rate ratio of 1 to 4 at 200 feer above the surface, versus abour 1o 12 when
the height of the aircraft is 600 feet. This drop in exposure rawe is by a factor
of 3. LUnplanncd or unauthorized changes i alutude complicate the processing
of survey data, incrense the po.:;sihility ot error, and reduce the detinition of
hot spots and simallseale variations. The aftinudes should not be changed unless

the high dose rate continues for several minates, indicating possibde broad
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extent of the high contamination. Changes in altitudes should be clearly noted
in the survey record.

Protection of Aircraft

45 In a period of marked world tension, special consideratien should be
given to the hangaring or covertng of aireraft likely 0 be required for acrial
survey. It is unbikely that the falloutr that would adhere to an aircraft tied down
in the open would cause significant emergency hazard 1o light personnel. How-
ever, as indicated in Section I, a small amount of fallout contamination nearby
can cause high cnough radiation background ro interfere with measurement of
radiation from large amounts of fallour far below on the ground. As a mini-
murmn, the cosing of major openings to cabin and engine(s), and covering
engine(s), can help prevent deposit of failowt in locations where it is hard to
remove. If 115 necessary to use aireeaft which have been unprotected in a
fallout area, the degree of contination should be evaluated by application of
the principles outlined in paragraphs 2.15 and 2.16. I necessary, simple decon-
tarnimation procedures niight be employed (par. 2.17), followed by reevaluation
of the contamination level.

Equipment Mounting

4.6 The major components of the acrial survey cquipment arc (a) the
detector unit, (b) the metering unit, (¢) the tape recorder, and (d) the simulator
unit, used in rraining, The “Instruction and Maintenance” manuals supplicd
with the instruments include sections on mounting amd operation. Only one
set ol moeunting brackets is furnished with each aeral survey meter, The
suggested mounting arrangetnents are not switable for some aireraft. Further,
there can be litde assurance that a specitic aireraft would always be available
al a given airport. Therefore, simple and versatile mounting equipment and
procedures must be available to provide needed ilexibility.

47 FEach locality can fabricate a mounting device best adapted to the
particular aircraft being used. Hlustrations 4.7A and 4.7R show the metering
unit mounted on a lapboard and attached to aluminum straps bent to support
the unit on a seat back. Other locally fabricated devices or methods can be
devised to provide suitable mounting. These include use of woven nylon cord,
tape, brackets with suction cups, ete., 5o long as the meters are not viewed at
an angle. resulting in erroneous readings.

4.8 The detecter unit can be placed on o 3/8- 10 172inch sponge rubber
mat en the floor, and secured by the monitor’s feet, or attached to seat mount-
ings, floor rings, ete., by cord or wpe. In positioning the unit, avoeid shielding
from below by massive structural members of the aireradt, gasoline mnks, ete,

4.9 The aerial survey meter can be operated lor many hours on low-cost,
sclf-contained batteries: or with installation of a special connector in a 12-velt
aireraft electrical system, power may be obtained from that source. Alternatively,
an adapter could be used for connecting into a cigarctte lighter receptacle.

Connection of aircraft power permits use of optional indicator lights, but
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dependence upon it decreases options in airerafr ntilization. A supply of fresh
batterics mnst be maintioed to pernait use in any available wireralt,

4,10 Excerpts from the instruction manuals dealing svith aperational choecks
and operation ol the equipment are included i Section V. This provides ready

availability ol operational instructions to all acrial monitors.

The Survey Briefing

4.11  The planning, dircction, and execution of survey missions ate complex
and mnteerelated. For example, the type of atrerait avatlable, its crutsing speed,
and its useful range will atfect the preseribed dme interval between readings
along a route, and the extent of the survey mission. Where several aireraft are
available, the one best suited Tor the mission should be specihed or it only one
type abreraft is wvaikibde, the survey pluns should be adapted 1o its capabilities,
Further, it the pilot and monnor are made aware of the specihc objectives of
the survey mission, they will be inoa better pasition to achieve those objoctives
even when some variation (o the snrvey plans s dictated by hicld or flight
conditions.

412 [deally the presurvey bricting swould be a face-to-tace conference between
the mission planner and petential survey team. Distance or patential radiation
exposures, however, may requine use ol telephone or radio comnmunication,
In some instances, there may oven be need ior written requuest ed instructions
for the mission. ‘The pilot and maonitar should analyze the sorey requirement
and review the step-bysstep flight course and monitoring procedures. I there
appears to be any question or candlict in the information or instructions pre-
sented by the Fmergency Operating Center ¢ 120OC7) Oifficer, these should be re-
solved hefore cotmencing the mission. The pilot makes all appropriate flipht

:lrr;mgcmcms.

Survey Data Sheet

413 A sample Acrial Radiological Survey Thata Sheet is included as Artach-
ment 2. Tt is designed Tor use both a the EOC and in performance of the
mission. ltems in the heading are to be supplicd by the Radef Officer who
plans the mission, subject 1o revision or completion in the survey brichng,
Dara for the first two columns are alsa supplicd by the planning officer {or
most kinds of missions. The vest three colomus are for in-fight recording of
observed data, and the last foor are [or use at the FOC for reduction of aerial
chservations to corresponding ground exposire rates. When several sheets are
required for a single missian, the heading {items a-1 nely will be filled out
on the first sheet only,

414 The data sheet serves as a cheeklist of essential infonmation items both
for the planner and the sunvey tean. An addivonal checklist of equipment
and operationyl actions appears an the reverse side of the duta sheer. The use
of the single form also wssures that information is assembled in the sone
formar, both at the EOC and by the monitor. This will factlitate the orderly
transpission of instructions to the survey team, and reports of survey data

to the EOC.
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ILLUSTRATION 4,74

METERING UNIT MOUNTED ON LAP BOARD

ILLUSTRATICN 4.78 METERING UNIT MOUNTED ON BACK OF SEAT

{TWO PLACE INLINE AIRCRAFT)

Recording and Reporting Data

415 Data may be recorded directly on the data sheet as suggested above or
on tape. Operation of the tape recorder is deseribed in Section V. A monitor
expecttng to record survey data on a recorder should practice its use until he
has a high degree of proficiency, and complete confidence that the reprocduction
of recorded data can be readily understood. M the remote-control switch is 1o be
used, the recorder and remote switch should be assembled hefore positicning
in the areraft, and a briel test recording should be made while obscrving the
“RECORD" level in the VU meter. Changes in the VU meter response with
the volume of sound indicate that the recorder is adjusted to “RECORD”
rather than “PLAY." All on-off control of the recorder should then be with
the remote-control switch until the conclusion of the mission or the tpe on
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the supply recl s used up. When o tape recorder s used, information called
for in the heading of the data sheet 15 1o be recorded before menitoring opera-
tions are begun, This will assure that pertinent data concerning the mission
are diecetly associated with the ohsersed daa,

.16 For most missions b s likely that the requirement for data will not
be sufliciendy urgent o require data reporting by radio as measurements are
made. When data are reported by telephane or in writing through a com-
niunteations center, the report must be kepr as brief as is consistent with
clanty. The mission number and dose received (Trem 1 of the headingy will be
stated 0 the Dody of the mwessage, To the extent deasible. cach enrey in the
column will be keyed 1o the point number. Place names or other lengthy location
identification will be used only when essential for Jarity, Only the esseatial
altimeter and tme readings will be reported. The examples beginning with
paragraph .18, and sccompanying illustrations, clanty the flexible requirements

tor readings and the times av which radiation measurcments were made.

Air-Drop Report

417 In some stances it may be expedient to air-drop the survey report
o an EOC which has served as the loeal intermediaey between the Suate Radef
serviee and the survey teant, That conld be advantageous in bypassing a poten-
vally overloaded communications link, Tf such procedure is intended, there
should be preflighe preparation for the wirdrops. The receiving EOC should be
expecting the drops, I aireraltto ground-to O communications links are
feasible, the EOC should be alerted o short time before the anticipated drop,
particularly if rwdiation would make s continuing “ar-wateh™ at the FOC
hazuardous. The dropped package should be conspicuously addressed. 1f a taped
record is to be aitdrapped, theee should be assurance that the EOC possesses
capability for play-back at the tapespeed used in recording.

Survey Examples

418 The peneral procedures 1o be followed in performance of an acrial
survey have been presented above in paragraphs 401 through 417, The
examples below illustrate the application of the several wehniques deseribed
in Sectien 11} and should serve as guides in the preparaton of 8Os and the
vxecution of survey nussions.

4.19 Pre-Flight prepavations —CGenerally applicable Tor all survey rechnigues,
It is assumed that the tollowing steps have been taken: Availability of suitable
arreraft deternuned: vertheation of fight clearance received from the appro-
priate air rowte trafhe control center {ARTC): and required communications
vapabifitics checked.

a. Participate in survey briching (par. .97,

b Prepare survey mission data sheets (par. 4.11).

o, Prepare appropriate maps (par. 3.1 and Wusirations 4.21 and $.24),
d. Check the listof equipment (reverse side of data sheer),

¢. Perform instrument operational checks (See. V),
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4

Zero dosimeters imd POSITION o1 SUrvey team presomel.

Check tape recorder. (11 sheduled for use, record the preluminary informa-
tion from the survey data sheet, par. 1.13).

Position cguipimunt in aireraft {par. 1.0},

Set altimeter. Set the latest barometric data in the Rollsman window of the
altimmeter and correer Tor nonstandard surtace pressure. Note: the validiy
of acrial radivlogical survey data s direcly relaed 1o the accuracy of altitnde
dewerminations,

Proceed with survey.

20 Point Fechnigue—"This survey technigue is deseribed 1o general wenns

in paragraph 3.7, {ustration .20 15 an “exploded” view of o survey data shect
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ILLUSTRATION 4.20—Point Technique Survey—Example Data Sheet
{Prescribed altitudes to result in readings at 250" above designated locations)




tor an example pointtechnique survey. The informmation in the heading s
cotmpleted jointy by the Radef Officer and the survey tann during the briefing.
The data in Scction | i provided by the Radef Officer, with the aturudes
preseribed resulting in alf readings being taken 258 feer above the designated
locations. Scction 2 represents the indlight survey recard. Section 3 represents
the results of computation at the FOC on the basis of reported data,

421 Muap Preparation.—"The presceibed sarvey point locations are indicated
on a suitalde nap by the column I osurvey sequence point numbers as shown in
Mustration +.21. A map seale of 124000 was seleced for this example because
the objective was to provide detail concerning the more densely populated

portions of a small area.

AERIAL SURVEY
EXAMPLE: POINT TECHNIQUE

(Zuale: Buildneed in Prinling)

v

ILLUSTRATION 4.21—Point Technigue—Prepared Map



422 In-Flight Operations—The following procedure is used to conduct the
example point survey, as illustrated:

a. The pilor focates point No. 1 which is at the intersection of Chain Bridge
and Great Falls Roads and heads the aircraft over the point at the prescrthed
altitude of 615 fect,

b. Just prior to reaching the point, the pilot alerts the monitor: and when
directly over the point, signads “Record” He follows with the altimeter
reading if it varies from the preseribed altitude.

c. Al the signal “Record,” the mionitor records the observed dose rawe of
7.0 under the column “Instrument Reading, R/hr,,” and if required by b,
above, the altmeter reading.

d. The monitor records the time, 10:10 wm., under the heading “Time of
Reading.”

e. The above procedure s continued until all points have been monitored.

. For the last point in this example, Nao. I8, George Mason School, the time
is again recorded,

Note: Intermedhate time readings are not recorded. By the time most aeria) surveys
would be feasible, radinactive decy would be insdgnificant over this short tine span.

g Upon completion of the mission, personal dosimeters are read and the
radiation exposure recorded under hem .

h. Reporting requirements were discussed in paragraph 4.14,

423 Course Leg Technigue—~The general nature and applications of this
technique are discussed in paragraphs 3.2 through 3.4. The basic principles
for derermining and recording data on the survey data sheet are the same as
for the point technique, but the narure of some data is different. In the example,
Blustration 4.23, the preseribed time interval of 30 scconds between radiation
measurcments was sclected o provide data ar appreximatcly 115-mile intervals
at the cruising speed of a Cessna 180, The Radel Ofhicer supplies the description
of the course legs 1o be flown; including the landmarks which wdemify the
beginning and end of cach course Jeg, the letters by which they are to be
dentified, specified intermediate checkpoints, and the preseribed constane alti-
tude for cach leg. A separate data sheet is used for each course leg. Tn the
heading of the additional sheets, only the mission number is repeated.

424 Mup Preparation.—The prescribed course legs are laid out on a suitable
map and lettered in the preseribed scquence, as shown in Ilustration 4.24, The
true north azimuth for cach course leg s nicasured and the magnetic declination
{77 in this example) is applied to obtain the magnetic azimuth, which is
marked on cach course leg for course leg navigation.

425 In-Flight Operations—The following procedure is used to conduct the
course leg survey illustrated in paragraphs 4.23 and 4.24:

a. The pilot locates the starting point “A” of the frst leg, which is indicated
on the map at the intersection of Highways US. 1 and U8, 350, abowr
12 miles south of Alexandria. At the prescribed altitude of 650 feer, he
heads the aircralt on the magnetic azimuth of 299° and visually locates the
destgnated checkpoint, Manassas.
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ILLUSTRATION 4.23—Course Leq Technique

The pilot flies the aircraft on the proper course to pass over point “A” on a
straight path toward Manassas.
When on course, the pilot alerts the menitor.
As the aircraft passes directly over point “A,” the pilot signals “Record,”
followed by the altitude reading if it varics from the prescribed altitude,
At the sigpal “Record,” the monitor records the obscrved dose rate of 5.0
under the column “Instrument Reading, R/hr.; and if required by d,
above, the altitude reading.
Upon passing over the checkpoint, Manassas, 20 seconds had elapsed since
reading “9” was taken. This is indicated on the data sheet by the special
notation -4 20 sce. C.P.”
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AERIAL SURVEY
EXAMPLE: COURSE LEG AND ROUTE TECHNIQUES

Seale 1:250 000
=% = - —— -—:
[Hueale Redaced in Printing) B

COWTOUR IHTzRvAL 50 FnTT

e COUBLS B LKL THCEM LU
e e e=PULTE TECHNLGLE

ILLUSTRATION 4.24-—Course leg and Route Technigues

g On the same heading, the pilot identifies point “B,” and the above pro-
cedure s continued. Upon signaling “Record™ for the last reading prior
to crossing over point “B,” the pilor indicates to the monitar that they are

approaching the end of the course leg.
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h. The monitor records the time of the last reading and indicates the elapse
of time sincc reading “147 was taken.
i. Similarly, the above procedures are employed in surveying the remaining
course legs.
Note: The intermediate marks on course leg A-B are provided to illustrate
how these datn would be plotted at the FOC, Assuming constant ground speed,
the course leg is divided into 13 equal segments, corresponeding w the 14 evenly
spaced readings, In some instances, minor adjustnent may be required when the
last time dnterval is materially less than the standard.
4.26  Route Technique~This technique is similar to that for a single course
leg, described above. [lustration 4.24 includes a map layout of an example
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ILLUSTRATION 4.26—Route Survey Technigue
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route survey. The accompanying Aerial Radiological Survey Data Sheet, Ilus-
tration 4.26, is self-explanatory,

4.27  Exploratory Survey~In this kind of aerial survey (par. 3.9), the team
may employ any of the above techniques, or a combination of them. Because
they will be observing and reporting what they cncounter within a generally
described area, precise instructions for recording data are impossible. Recording
obscrvations on tape will permit the inclusion of much detail which may prove
to be important, or unimportant, as the survey progresses, At the conclusion
of the survey the team should play back the recording and select and cendense
the pertinent data for transmission to the requesting EOC.

Scanned by: SouthernRadiation-com
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V. EQUIPMENT

Maps

5.1  As stated in paragraph 3.1, Visual Flight Rules {VFR) are followed
in the exceution of aerial radiological surveys. Therefore, it is imperative that
topegraphic maps depicting readily recognized natural and manmade landmarks
be employed, The amount of detail to be presented will influence the scale of
the map 1o be used. For the example shown in Dlustration 4.21, the scale
{reduced for printing) is 1:24000, about 2V inches per mile, and the contour
interval is 10 feet, In [ustration 4.24, the map scale selected is 1:250,000, about
4 miles per inch, and the contour mnterval is 50 feet, The latter iHlustration
relates to a gencral survey over a broad area. The illustrated map scales will
meet the requiremenr for most survey missions. However, intermediate scales
may be more appropriate for some missions.

3.2 The serics illustrated are mapped by the Army Map Service (AMS) and
published for civilian use by the U8, Geological Survey. AMS catalog indexes
describing AMS maps are availuble in each OCD Regional Officc and at the
OCD Srtaff College. The AMS indexes should be consulted before ordering
maps. Certatn maps may be obtained hy State and local civil defense organiza-
tions for aecrial monitoring training and operatienal usc, through the OCD
Regions.

The Aerial Survey Meter, CD V-781, Model 1

53 The major components of the CI V-781 Aerial Survey Meter are the
detector umit, the metering unit, the tape recorder, and the simulator unit
(Ilustration 3.3). A comprehensive instruction and maintenance manual is
supplied with the instrument. For ready availability to all monitors, operational
procedures are outlined below:

a. Metering Unir—Prior 1o mounting the metering unit into the airerafl, the
instrument should be checked with the use of the simulator uniz. The
tollowing procedure should be followed:

(1) Attach the cable of the metering unit to the connector provided on the
simulator anit.

(2) Position the power switch on the metering unit to “Battery” power
posttion and allow the instrument a warmup period of at least 2 minutes,
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ILLUSTRATION 5.3—Aerial Survey Meter, CD V-781, Model 1

(3) By rotation of the meter-reading control knob on the simulator unit,
check each of the three meters at half scale.

(4) Starting with the metering control knob in the extreme counter-
clockwise position, slowly rotate the knob clockwise. The tracking
error between the meters of the simulator unit and corresponding
meters on the metering unit should be no more than 10 percent at any
simulated dose rate. '

The audio output may be checked by plugging in the headset to the meter-
ing unit. The audio output should be from 225 to 275 cycles per second
(within one or two notes of middle C) for normal radiation background.
The audio output can be operated with the simulator unit.

After installation of the CD V-781 Aerial Survey Meter into the aircraft,
the operational check is performed as follows:

(1) Instrument Battery Supply

(a) Observe meters prior to turning on instrument. Meters should
indicate zero within one scale division (the instrument has no
zero adjustment).

(b) Position the power switch on the metering unit to the “Battery”
power switch position and allow the instrument a warmup period
of at least 2 minutes.

(c) Observe the meters after warmup period. Meters should continue
to indicate zero within one scale division when only normal back-
ground radiation is present. In the event external radiation from
fallout prohibits this check, it should be assumed the instrument is
operating properly if it indicates radiation levels above normal
background.

(d) Press the “Battery Check” switch. The 0-0.1 R/hr. meter should
read at, or slightly above, the battery check point.




CORRECTION FACTOR

ATTACHMENT 1
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(2} Aircraft Power Supply

(a) When rthe aircraft clectrical power source is used, position the

power switch on the meterrng anif to the “Plane” power position.

{b} Repeat steps (¢} and {d) above,
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The Tape Recorder

54 The manufacturer’s manual supplied with the recorder indiwates pre-
cautions ta be observed and provides detailed instructions for operavon. A
moniter expecting o use the recorder should practice using 1t until he s
proficient. The recording and playback of preliminary survey information will
provide a check of the recorder’s operability, Prior to a nussion, the “Battery

Voltage ludication™ should be observed and batteries replaced, if required.
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ATTACHMENT 2
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Front of Aeriol Radiologicof Survey Dota Sheet (OCD form B43).

on follewing page.)

{5ee reverse side of form

(OCD Form 843—rererse side)

Equipment for Aerial Monitoring Mission

CD V-781 aerial survey meter {less simulator unit)

CD ¥V-715 survey meter

CD V-138 dosimeter (2 ea.)
CD V-730 dosimeter (2 ea.)
CD V740 dosimeter (2 ea,)
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ATTACHMENT 2 (Continued)

Tape recorder

Watch with sweep “'second” hand

Aerial Radiological Survey Data Sheet (Containing appropriate presurvey
information plus additional sheets)

Maps (appropriate for mission assignment)

Recording tape

Clipboard

Equipment for airdrop

Pencils

Other items as required

Distribution: CF-Bullocks Field Ofhees {Distriet Engrs.
Q0D Regions, Staff College and PPublic Waorks Offices)
Suate and Local G Dhrectors State Military Support Planning Officers
Brefense Coondinators of Federal Agencies Universities Participating in CTr Extension
Oualified Fallowt Sheleer Analysts Program

< U5, GOVERNMENT PRINTING OFFICE: 19660 219-754
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